The structural integrity of immunoglobulin A (IgA), IgG, and IgM and lactoferrin in dental plaque fluid samples from two populations of Colombian children with contrasting levels of dental caries was examined by sodium dodecyl sulfate-polyacrylamide gel electrophoresis followed by electrophoretic transfer to nitrocellulose. The immune factors or their fragments or both were detected with monospecific antibody conjugated with horseradish peroxidase. All the immune factors examined were extensively degraded, although there appeared to be small amounts of intact IgA and IgG in some samples. Analysis of the samples with antibody to secretory component showed that secretory IgA as well as serum IgA was degraded. IgG appeared to be cleaved into two major fragments, one fragment having a relative mobility similar to the F(ab')2 fragment of IgG and the other a relative mobility slightly greater than Fc. IgM and lactoferrin were virtually completely degraded. There was no apparent relationship between the fragmentation patterns of IgA and IgG in the plaque fluid samples from the two communities and their susceptibility to dental caries.
Host defense factors such as secretory immunoglobulin A (SIgA), IgG, IgM, and lactoferrin (LF) have been identified and quantitated in the free aqueous phase of dental plaque (plaque fluid) obtained from children and adults (5, 6 ). However, current methods of quantitation are not capable of discriminating between intact molecules and fragments produced by bacterial and host proteolytic enzymes. This is an important consideration because the ability of the specific and innate immune factors to exhibit antimicrobial activity is dependent on their structural integrity.
Taubman and co-workers (17, 18) found that IgG in pooled human dental plaque extracts was present predominantly as fragments displaying Fc determinants with molecular weights of approximately 24,000, whereas the majority of IgA in the extract was intact and contained secretory component (SC). Protease activity in human plaque fluid against human serum IgG, IgM, and IgA was detected by Tatevossian and Newbrun (16) .
SIgA is more resistant to proteolysis than is serum IgA (4, 7, 10) , and this is an important property if it is to function in mucosal secretions that exhibit high levels of proteolytic activity (15 (8) .
Enzymes of host origin which degrade immunoglobulins may also be found in the oral cavity. Lysosomal elastase (2) and cathepsin (1) 8.9 ). Pyronin-Y was used as tracker. The mixture was boiled for 3 min before application onto the gel.
To determine the molecular size of the fragments detected on the nitrocellulose sheets, prestained molecular weight standards (Bethesda Research Laboratories, Inc., Gaithersburg, Md.) that could be visualized directly were used in one experiment. They were used in accordance with the instructions of the manufacturer.
The authentic human immune factors lysozyme (14,300) (Worthington Diagnostics, Freehold, N.J.); LF (80,000) and SIgA (385,000), purified from human colostrum (5) or parotid saliva by high-pressure liquid chromatography (unpublished data); and human IgG (152,000) and F(ab')2 (100,000) and Fc (50,000) fragments of IgG (Cappel Laboratories, West Chester, Pa.) were prepared for gel application as described above with the exception that the solubilizing solution did not contain dithiothreitol.
Plaque fluid. Supragingival dental plaque samples were obtained from children from two communities, Heliconia (low caries) and Don Matias (high caries), in Colombia, South America (3), and immediately frozen and maintained in dry ice until return to the laboratory when they were INTEGRITY Of HOST DEFENSE FACTORS IN DENTAL PLAQUE stored at -70°C. The free fluid phase (plaque fluid) was obtained as previously described (5) and immediately assayed. Plaque fluid samples were prepared for polyacrylamide gel electrophoresis in the same manner as the human immune factor standards.
Gradient gel electrophoresis. Sodium dodecyl sulfategradient polyacrylamide gels were poured with a gradient maker (Hoeffer Scientific Instruments, San Francisco, Calif.). Acrylamide solutions (1 and 15%) were prepared by the method described by Laemmli (9) , with the following modifications (11, 12) . The 1% acrylamide solution contained 1% sucrose, 0.05% tetramethylethylenediamine (TEMED), and 0.2% ammonium persulfate. The 15% acrylamide solution contained 4% sucrose, 0.016% TEMED, (12 ,ug) , hen egg albumin (4 ,ug), BSA (4 ,ug), ,B-galactosidase (P-gal) (2 ,ug) , and myosin (16 ,ug Both antibody preparations were diluted 1: 1,000 in the buffer described above. The antibody preparations used were tested for specificity by incubation with their respective antigens, other immune factors, and unrelated proteins by the immunoblotting technique. Nitrocellulose sheets were washed with TBS containing 0.2% Tween 20. Blocking, incubation with antibody, and wash steps were all carried out at 37°C with agitation. The sheets were developed with a 0.5-mg/ml solution of 3,3'-diaminobenzidine tetrahydrochloride and 0.01% H202 in 0.01 M phosphate-buffered saline (pH 7.4) in the dark at 4°C. The reaction was stopped by placing the nitrocellulose sheet in water.
RESULTS

Polyacrylamide gel electrophoresis of protein standards.
The molecular weights of the calibration and human proteins plotted against their relative mobilities in a 1% agarose-15% acrylamide gradient gel are shown in Fig. 1 .
Immunoblots. IgA in plaque fluid is present mostly as fragments, although a small amount of intact material was detected (Fig. 2) . To determine whether the degraded IgA was serum IgA derived from crevicular fluid or SIgA, samples were analyzed with anti-SC antibody (Fig. 3) . The results indicate that the degradation products observed cannot be attributed entirely to proteolysis of serum IgA because of the presence of SC determinants on the fragments.
The IgG in plaque fluid (Fig. 4) appeared to be cleaved into two major fragments. One fragment had a relative mobility similar to the pepsin cleavage product of IgG, F(ab')2, and the other a relative mobility slightly greater than that of Fc fragment, a papain cleavage product of IgG. Interestingly, these two major fragments were observed in all the plaque fluid samples. Anti-F(ab')2 antibody was used in combination with anti-y chain antibody to detect fragments containing F(ab')2 determinants; however, comparison of this immunoblot with one obtained with anti-heavy chain antibody alone showed no difference. IgM (Fig. 5) and LF (Fig. 6 ) in plaque fluid were also degraded with little if any intact material detectable.
No major differences were observed in the fragmentation patterns of IgA and IgG in plaque fluid from the individuals from the communities exhibiting high and low levels of dental caries.
DISCUSSION
Dental plaque consists of a packed mass of bacteria embedded in a polysaccharide matrix and is known to exhibit a high level of proteolytic activity (15) . Thus, there is a requirement for host defense factors to resist proteolysis if they are to maintain biological activity in this environment. It is significant, therefore, that SIgA, the predominant isotype in external secretions such as saliva, has been shown to have relatively greater resistance to proteolysis than monomeric serum IgA or IgG (4, 7, 10) . However, some oral microorganisms possess an IgAl protease that can cleave SIgA (13) .
Results from this study show that IgA in plaque fluid samples from the Colombian children appear to be extensively degraded, with a large portion of the material being low-molecular-weight fragments. These findings are in agreement with the observations of DiPaola and co-workers (6) . Using the immunoblotting technique, they found that the majority of IgA in a neutral-pH extract of human plaque had a molecular weight below 100,000. The possibility that the fragmentation observed in the present study resulted from degradation of serum IgA derived from crevicular exudate and not SIgA was examined by incubation of the plaque fluids with antibody to SC. The results show that SIgA was degraded, because SC determinants were present on fragments whose molecular sizes precluded them from being simply intact free SC.
Very low molecular weight fragments of IgG were detected, but fragments similar in relative mobility to F(ab')2 and fragments of a slightly greater relative mobility than Fc were also present in the plaque fluid samples. The possible presence of F(ab')2 fragments is of particular interest since the fragments are divalent and retain the ability to agglutinate bacteria. The possibility also exists that fragments of IgA, IgM, and LF, particulatly those with higher molecular weights, have biological activity.
The fragmented proteins detected on the immunoblots were derived from the free aqueous phase of dental plaque. It is known that the immune factors ate also bound to plaque bacteria and matrix (5) . The possibility exists that these bound molecules may be protected from proteolysis and remain intact. However, Plaut et al. (14) have shown that IgG-coated latex particles or erythrocytes agglutinated by human monoclonal IgAl possessing high-titer rheumatoid factor activity are readily deagglutinated when treated with IgAl prbtease, suggesting that antigen-bound IgA is also susceptible to cleavage by this enzyme.
The degradation of host imhnune factors observed in the Colombian plaque samples may represent material which was subjected to proteolysis for extended periods of time, (14 ,ul) from children from the high-caries community; 3, pooled plaque fluid samples (14 ,ul) from children from the low-caries community. because the age of the plaque samples before collection is unknown. The samples analyzed by DiPaola et al. (6) in which fragmentation of IgA was also observed were 3-dayold plaques. The importance of proteolysis on the biological activity of these host defense factors may depend on the rapidity with which they are degraded in dental plaque.
